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Iron(II) 2,6-diimine pyridine complexes have been found to be highly efficient catalysts for the polymerisation of olefins when activated with methyl alumoxane (MAO) cocatalyst. 1 The nature of the catalytically active species is still unproven, though calculations have suggested it to be a 14 valence electron (VE) cationic alkyl species. 2 So far, well-defined dialkyl derivatives of this system have not been reported, which precludes generation of the proposed alkyl cations by alkyl abstraction. ‡ In fact, relatively little is known about the reactivity of electron-deficient iron alkyl species. 3 In order to obtain information on alkyl abstraction behaviour and cationanion interactions in electron-deficient iron complexes, we have been studying ways to generate and study representative model systems.
One way to generate well-defined electron-deficient transition metal complexes is the use of sterically demanding ancillary ligands. b-Diketiminate (nacnac) ligands with 2,6-disubstituted aryl groups on the nitrogens have been shown to serve this purpose particularly well, 4,5 and b-diketiminate ligands have been used as ancillary ligand for olefin polymerisation catalysts based on trivalent Ti, V, Cr and Sc. 6 In order to study the stability of electron deficient alkyl complexes of iron(II) and their reactivity towards commonly used borane and borate activators, we have synthesised a 12 VE iron(II) benzyl complex by alkylation of the ferrate [Li-(THF) 2 ][(nacnac)FeCl 2 ] (nacnac = ArNCMeCHCMeNAr; Ar = 2,6-diispropylphenyl) reported recently by Holland. 5 Reaction of this ferrate (generated in situ) with benzylmagnesium bromide in THF cleanly affords the benzyl derivative, obtained as paramagnetic air sensitive red crystals with composition [(nacnac)Fe(CH 2 Ph)]·0.5C 5 H 12 (1) after recrystallisation from pentane. § The molecular structure of 1 was determined by X-ray diffraction ( Fig. 1 ). ¶ The unit cell contains two independent molecules which do not differ significantly. The iron atom lies in the plane defined by the three coordinating atoms, with the sum of the angles around Fe equalling 360°. The same coordination geometry was found for [(CH(C(tBu)NAr) 2 -FeCH 3 ] (Ar = 2,6-iPr-C 6 H 3 ), which contains a sterically more demanding b-diiminate ligand. 7 Despite the formal electron deficiency (12 VE) of the 3-coordinate iron atom, no secondary interaction between the arene part of the benzyl group and the iron atom is present: Fe(11)-C(130)-C(131) = 113.18(11)°. This is in contrast to the usual observation in electron-deficient group 4 metal benzyl complexes of h 2 -benzyl bonding to the metal centre. 8 This absence of h 2 -interaction in 1 is probably related to the high-spin configuration of the metal centre in (nacnac)FeR 7 and the consequent lack of empty valence orbitals on the metal centre. To the best of our knowledge, this coordination mode is unprecedented for the PhCH 2 B(C 6 F 5 ) 3 anion, for which coordination in h 3 -and h 6 -fashion has been reported. 9 For the BPh 4anion h 2 -(m,p)-coordination to [CpAZrMe] + has been proposed based on 1 H NMR data 10 and h 2 -(o,m)-coordination of [BPh 4 ] 2 to [(en)Cu(CO)] + has been established by X-ray diffraction. 11 In C 6 D 5 Br solution, low temperature 19 F NMR spectroscopy (Fig. 3) shows resonances for two [PhCH 2 B(C 6 F 5 ) 3 ] species: one with chemical shifts normal for the free anion (71%) and one in which the o-F and (to a lesser extent) m-/p-F resonances are considerably downfield shifted and broadened due to coordination to the paramagnetic Fe(II) ion (29%). Apparently there is an equilibrium between the contact ion pair and a species where the [nacnac]Fe-cation is solvated by bromobenzene.
Addition of THF to this solution results in a colour change from red-brown to bright yellow. The resulting 19 F NMR spectrum of the THF adduct displays sharp resonances for the free [PhCH 2 B(C 6 F 5 ) 3 ] anion, indicating that the Lewis base THF has completely displaced the anion from the metal centre (Scheme 2).
In conclusion, the present study has shown that alkyl groups from electron-deficient iron species can be conveniently abstracted by a Lewis acid commonly used to activate early transition-metal polymerisation catalyst precursors, and a new coordination mode of the common [PhCH 2 B(C 6 F 5 ) 3 ]-counterion was observed. Interaction of fluorinated borate anions with paramagnetic transition-metal centres was seen to result in large shifts in the 19 F NMR spectrum, suggesting that paramagnetic complexes may be used to probe even weaker cation-anion interactions in solution. We are presently investigating this possibility.
Notes and references ‡ Olefin adducts of the corresponding Ru(II) and Rh(III) alkyl cations have been synthesised. 12 For Mn(II) and Co(II), alkylation is complicated by reduction to lower oxidation states yielding monoalkyl species, indicating that, at least for Co, a Co(II) alkyl cation may not be the actual active species. 13 
